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1.0 INTROLUJCTIO;J——— -..——-.

Coal is one of our most abundant sources of energy. Even
that co~l will play in the future, known reserves are est.
for at least three or four ccnttiries. The utilization of
fuel, howuver, is fraught with environmerrt.alproblems. Ii
to utilization various contamirmnts arc released into the

with the enhanced role
mated to be sufficient
this form of fossil
e~~h step from mine

environment. The dust
and gases in mine~, drainage from coal mines and refuse, and stack emissions
from coal-fired sys?.cIiIsare exanlples of environmental problems that continue to
plague our society.

In the past, the environmental degradation from coal mining, processing and burn-
ing was reluctantly accepted. However, concerrlover environmental quality has
resulted in the establishment of regulations or guidelines for nearly all forins

Of coal utilization. Unfortunately, in many instances, the statutory regulati~:i
of coal pollution has pr~ceded the a~ailabilit,y of the technology necessary to
achieve compliance with the l~w. Therefore, over the next decade, a massive ef-
fort must be launched to develop suitabie environmental control technology. The
technical approach to control of coal contamination, howsver, is not straightf-
orward. Compromises and tr’’de-offs between efficient energy use and the soii!e-
times uncertain environment consequences n]u~tbe considered. Often the choice
of control twhnology for P; ire~ will affect that required in another. Ulti-,.

II~+ be b~s~’don knowledge of the origins, maql~itude and be-matcly, dccl~lans W-.
havior of the Various Kinas of cudi ~~111.dl,,illdl,~a....-

In this paper, we rwiew some of the current information on the chen!icaland
physical structure o; coals to establish the source and nature of potential en-
vironmental contaminants. With this as background, wc therrdiscuss the nature
of the Inajor contaminants released into the environment during coal mining, han-
dling, and c~inbustion. Finally vie will consider co~l preparation, which is one
of the most widely used forms of environmental control technology. Our discus-
sion of coiilcleaning will ce((teron the environmental compromises and implica-
tions attrndant in using this method to produce a cleaner burning fuel.

2.0 THE ORIGIN OF ENVIROi/MEllTALCONTAH1NA[4TS IN TiiESTRUCTIIREOF COAL—— —..———— .,— -..--.-, ......—-. -.—--—.

Coal is a combustible carbonaceous rock formed from plant remains and various in-
orgdnic components (Fig. 1.3.1). Because or this, coal is a highly heterogencrxs
rnatcrial t.h~tcontains a wiclc variety of inorganic and organic impurities in ad-
dition to the carbonaceous matrix. Most of the environmcnt,al contamination fro!.:
coals is a direct consequence of these impurities.

2.1 The Formation and Structure of Coal

The divrrsc colllpositionof coal arises from the gcoloqical and chemical condi-
tions prc:,cntduring coal fornlilt.ion.As outlined in Fig. 1.3.2, rh~ first step



cfcoal formation is thought to be the deposition of plant remains and inorganic
Sediments under reductive concl-;tiolls,usually in a freshwater swami]or lake.
Eventually, under heat and pressure, these deposits arc transformed into peat.
The step from peat tc coal is a chemical modification that involves mainly the
10SS of C02 and water.

Physically, coal contains both organic-rich and inorganic-rich regions. The or-
gani: part of the COdl structure, which camprises ahout 70 to 90? of the total,
is present in the fcm of distinct physical entities called maccrals, which have
differing sizes dnd shapes (Fig. 1.3.3). The morphologies of the macerals are
thought to be related to ttieoriginal plant constituents. The mineral matter in
coals appears as sInJllparticles and grains or thick layers interspersed within
the organic components.

2.2 Environmental Contaminants From the Organic Structure of Coal

The organic coal componmts contain mainly C, H, N, O and S; however, as detoilcd
in Fig. 1.3.4, there is considerable variation in these elements in coals. Lower
rank coals, such as lignite, are typified by a lower pcrc~ntaqe of C and H nnd
a relatively higher perceritagc of N, O and S, whereas the converse is true l“or
the higher rank coals.

The organic matter in coals is predominantly in the form of aromatic and hydro-
aromatic hydrocarbons. The O, S ~nd 11atoms form various functional groups that.
are dispersed throughollt.the carhcn skeleton. The prcvulent functional grot!ps
in coals are phenuis, d~id~~ eLl”ltii-s and ~i-cti~~ cofi!xi~~~~g ~~?f~p ZWJ ll~ty~g~n,

Various models have been proposed to illustrate the structural details of t.hc
organic coal ccumponents. These are based on the known chemistry of coals, LIIKI

are meant to suggest the major features of molecular ccnnpcsitiun rather than t-o
be exact representations. One of the more popular structural models, devised hy
Wiser, is shown in Fig. 1.3.5. This structure, of course, bears a remarkah’ic
resemblanc~ to tM molecular’ configurations present in thtihumic components of
plant materials.

The molecule pictured in Fig. 1.3.5 is very large, and, indeed, the general chemi-
cal inertness of coals is a reflection of the large sizes of their constituent
moleculc~. However, during combustion, the large orgilnic molcculcs can break
down into smaller entities which can more eusily cscnpu into the environment. ils
gaseous pollutants or as water contaminants. Also, coals contain some smaller
organic molecules that are entrqq]cd withi~] the coal lattice. These may be re-
leased during processing or stordgr?without the necessily of molecular cleavage.

By referring to the model in Fig. 1.3.5, it is relatively easy to envision the
types of organic rnoleculcs that are released by cotils during combustion, oxiclil-
tion orwcathering. Due to their preponchmnce,various iirom~tic ml aliphatic
t@rocilrbons are comm colltamimnt~. Alsu, bccil[l~c hoteroat.om lirlkagcsarc of-
ten susceptible to clcavagc, nlol[!culcscontaining N, O and S atoms are prcvi]l~l]~

cotilcc)lltiIminants.Typical cxt?mplcs of the types of orq~nic niolcculcs in the
emissions or disclh:rgcs from conls aru pictured in Figs. 1.3.6as b and c.
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2.3 Cnvirormx!ntal Pollutants From the inorganic Constituents of Coal

Most of the inorganic coal components were deposited either as sediments in the
original bed or as secondary materidls during the formation of tle coal; hwever,
some of the tr~cc or minur elements in coiIlswere probably present originally in
the plants.

The most abundant inorgan-
in Fig 1.3.7. These are
mincra,. found in coals.
in Fig. 1.3.fi. They arc I

c element~ in coals (f?xcluding S, N and O) are listed
the elements that, for the most p~rt, form the major
These minerals fall ‘into the four main classes listed
he alumin~silicates (KI, K, Al, Si), the sulfides (Fe),

the carbonates (Ca,-Mg, Fe) and silica (Si). Generally, t:]ealuminosilicates
(clay minertilsj and quartz tend to be chemically stable. Neither is volatile or
likely to be le~chcd froi]] the coal. During combustion these minerals will form
ixh. Another troublesome aspect of”the clay minerals is that they will fragment
during burning t,oform small particulate (fly ash) that mixwith the stack
gases. The carbonates also form ash during combustion. In addition, they are
partially water soluble and may bc leached out of coals or wastes.

Among all of the coal constituents, environmental contamination caused by pyritic
materials is the most severe. The sulfides are not particularly soluble or vola-
tile ~e:~e, but when pyrite (or marcasite) is exposc~d to atmospheric conditions,
it can Interact with air and water at ambient temperature to produce soluble iron
sulfat~ and sulfuric acid. This reaction of the iron sulfides in coals is, in
fact, responsible for the formation of acid min~ drainage, a most serious wat.cr
pollution prablen. Also, during tho combustion of coal, the sulfur in the iron
sulfides (along with aclcleaamounts of org~ni~ sui~ul.) is Uxidized to Soz, t!lc
most prevalent air contanlinant associated with the burning of coal. The ch:micirl
reactions for the formation of sulfuric acid and sulfur dioxides from iron sul-
fides appear in Fig. 1.3.9.

In addition to these major inorganic elements, coals also contain a wide variety
of trace or minor elements. A listing of some of tfictrace elements of environ-
mental concern in coals is given in Figs. 1.3.10a and b. The soluble forms of
these elements may be released into the:environnient by aqueous leaching of coals
or their residues. Also, some of the toxic trace elements assume volatile forms
during coal burning; thcsu can cscapc into the atmosphere along with the more
inert gaseous products.

Jn the prec~?clingsection, wc discussed th~ structure of coal, and how the vari-
ous types d contaminants originate in the coal. In addition, we Wefly consid-
ered how ttmc ccmtaminants arc transported into the environment, eit.hcras gas-
eous or w~tcr-llorne pollutants (Figs. 1.3.lla and b). In this section, wc will
consider the types of contaminants that are released from coals during the vari-
ous processing ml utilization steps. Then, wc will go on to discuss the envi-
ronmental circumstanc(?s currourrdingcoal prepiiralion, particularly to emphasize
its use as an cnvironmmtill control fi]cthod.
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The usual sequence of coal production and utili~ation steps crppctirsin Fig.
1.3.12a. After mining, nearly all coal is sutijcctcd to storage and transporta-
tion steps prior to utilization (conlbustion). In ?ddition, about one-half of
the coal mined in the U.S. is washed or prepared before it is used to remove
some of the unw~nt~d mineral ii:dtt~r. Each proces~ing, h~ndling or utilization
step results in the production of significant unvironmcnt.al pollutants.

3.1 Environmental Pollution fronlCcialMining

Coal mining is one of our most dangerous industries. Therefore, the environ-
mental ti:dhealth Ilazardsassociated with this ph,lscof coal production are under
much scrutiny. As shown in F+g. 1.3.12b, both atmospheric and aqueous contami-
nants are produced by coal mining.

The main atmospheric contaminants from conl mining arc dust and gases. Dust is
qenerated by physical abrasion o: the coal, and under confined conditions, such
?s in uridergroundmines, the respiration of this dust is a major heaith prchlwu.
The release of methane and other combustible gases from the coal beds is ano~her
serious problem associated with cnal mining. lhld~rground, when verrtilation is
poor, these gases can accumulate in explosive concuntratiorls.

Acid drainage is by far the most serious water pro~JIE’m associated with coal min-
ing. As detailed earlier, acid formation results fro];]the pyritic materi~l pre~-
elltin the coal. l-lorethan 3-million tons of sulfuric acid arc dischargmi ann(J-

ally into waterways from coal minss. Acid mine d~-ainaqc is resi;onsible for con-
taminating some 7,000 milf?sof streams in th~ Appillactl;ar~ginn.

Tb> spoil material fromcoal mining (overburden and filinewastes) contrihut.es to
cuntamin~tion on a mtichsmaller scale than do tnlnes. For ellvirclrwmntalput-poses
most of this type of waste is used as fill material after mining hzs been co::l-
pleted. However, coal mine spoils are a local source of acid drainage and miner-
al contaminants in water.

3.2 Contaminants Produced by Coal Storage and Transportation

Neither the seriousness nor the extent of environmcrrtal contamination from coal
storage or transportation %s been ~dequately assessrcl, As seen in Fig. 1.3.12c,
the potential exists for the release of pollutants into both tlluatmosphere and
aqueous environment during these h~ndling operatir.)lls.Because of the transient
nature of coal durin~]storage and transportation, gaseous and aql!cous polllltant.s
from these sources w]ll often bc more diffuse or less visible than those from
stationary sources.

3.3 Environmental Contamination From Coal Combustion

The envirnnmcntol contaminants produced by the burning of coal in hollers, power
generators ml other stationary so,lrces (see Fig. 1.3.12d) arc well identified,
and we need dwell only briefly on this topic here.

The oxides of sulfur, nitrogcrland carbon are the most notorious air contanlinnnts
produced by the combustion of COJ1. These conttimirmnts enkcr the atmosphere in
great qu~ntitics. In 1!)74,about 20-million tons of S(J7and 5-million tons of



,.

nitrogen oxides (IKIX)were discharged into the environment from CWI burning.
In additicn to thesu gaseous contali]inants,cool ccm:bustiol~~lso pro(!uces large
quantities or finely dividr:dminrral particulatcs (fly ash) that also escape in-
to t!le IWIVirOrl!:lent in COIJi(JUs ~UdIl~itik”s. Tinally, in tlm last few years it has
been rccoqniz~”!clthat ccrti]intoxic tra~e clen.ects, such a$ Pb, Hg, As and Cd may
bc releasec! into the atwospnere in worrisomp quantities from coiilcombustion
sources. It is not yet clear whet.h~r these elements are in a completely volti-
tilc state or whether they are adsorbed at t!lesurface of fly ash or other par-
ticulate emissions.

The burning of coal also produces solid waste I;laterialsthat need ‘.,be disposed
Of in envirolmntally compatible wdys. The IN!!:cf this residue is bottcml~sh
formed by the nonvolatile mineral nwttcr in the coal. In aiilition, to lessen
the air pollution load, increasing amounts of fly ash are being removed frmn the
stack components by precipitators and other devices. About 70-milliol~ tons of
bottom and fly ash are produced annually in the U.S. f?om coal combustiori. There
is growing awareness that the discarcied solid wastes from coal combustion may
themselves be a serious source of environmental contamination. In particular,
these matcri~ls may be subjected t.uleaching by rainwater or surface flows tlliit
could prociuccmineral or trace element contamination.

3.4 Environmental Contaminants From Coal Preparation

The final coal processing step that we will consider is coa? washing or prepara-
tion. In contrast to the previous areas discussed, this step is conducted spe-
cifically to reduce LIIe ~ui]c~nLr~Litillof sci~lecf ~h2 undesirable mineral impur-
ities. There are, of course, economic benefits to be derived trom coal wasninq,
such as the reduced cost of shipping, storing atldburni~iga higher quality prL~-
uct, but for tilefuture, coal preparation is best envisioned as a pollution con-
trol measure.

Coal preparation is largely a mechanical process, involving a series of crushing,
sizing, separating and drying steps. In most cases, the coal is separated from
the mineral matter on the basis of density. Modern coal preparation plants can
recover about 901;of the energy content cf the coal, while reducing the sulfur
content to lCSS than l!;).

The mineral refuse and wastes from coal preparation are also a recognized source
of envirol,~lcntalcontamination. as detailed in Figs. 1.3.12e and 1.3.13. Coal
preparation refuse is stibjectedto weathering and leaching processes that fre-
quently proci[~ceacids and highly mineralized drninage. The relative seriousness
of this problcm can b~ judged by comparing th~ quality of the aqueous effluents
from typiciilcoal refuse dumps (rig, 1.3.14) with the proposed EPA standards for
such effluents shown in Fig. 1.3.15. It is seen that in no instance does the
quality of the waste b~lnkeffluents (e.g.% see the Fe, Al, Mn and pllvalues)
approach the criteria established by EPA. It has been estimated thiltmore than
3000 miles of streams in Appalachia alone arc contaminated from coal refuse
dumps.

ltladdition to water contnminat.inn, b~rning refuse clumpsproduce subst~lntial air
pollution. Approximdlcly 1::,of the total nntionwidc quontitics of sulfur-,
nitrogen- aid carban-oxide emissions iircut,t,ributudto bu~wing CW1 w~stes,



I.lthougfithis wy he considered ~ sm~ll contribution, tlwsc ccinta’nin~ntsoccur
in hiqhly Ipcc”iizeclrc!jiuns. Finally, we mu~t also point out Lhiit~tructural in-
stabilities in coal refuse banks have resultml in landslides or cave-in~ that
have clainnrlseveral hundred lives over the l~st 20 years. The problms arsc)ci-
ated with coal refuse duIIIpsare not isolated incidcnces. Of th~ 3090 to 5000
refuse dl[~?i)sin the U.S., about one-half are the source of sow typu of health
or environmental problew.

3.5 Environmental Ti-acle-offsin the Coal Preparation/Utilization Cycle

A primary function of coal preparation is to reduce the mineral matter in raw
coals so th~t the emissions from the burning of these cuals c~n meet establisllrd
guidelines. Indeed, about 100-mii lion tons of potential contaminants are rmuovcd
annually from U.S. coals by coal preparation. The waste Iuatt?rialsproduced by
coal preparation are a major source of enviroumcntal contamination.

As shown in Figs. 1.3.16 and 1.3.12f, coal pre~nrat.ion is in effect an enviro::-
mental trade-off: a serious health and pollut.lon problem is silqplybeing trans-
ferred from one segment of the envi~oncrt,t tc~nnothcr. Undcubtecll~~the ration~lc
for this tr~nsfer is ha~ed on the assumption that contamination from solid wast(!
materials concentrated in remote disposal areds is easier to contrcl or alleviate
than the more ubiquitous forms that dre disch~rged by the burning of coal. Con-
ceivably, t}iecolnbinedhazards frrm coal refuse dumps prcs(?f:ta less serious
threat to human health than the highly Inobile emissions from burning coal, al-
though this point could be delmtcd at soiiw length. Enviromwntal cmtrol of
discarded coiilrefuse, UIIL~l rewnLly, I.liisbe~i~ ?ar~c7jf nuglccted. L!ritilac!e-
quate assessment and cl~JllUll of this source of cnntanination 1s eiiecteci, tn~
full implications of crlalpreparation as a viable pollution control rueasure can-
not coulplctcly be evaluated.

Most of the m.’jorenvironmental pollutants from coals originate as il::puriticsin
the coal structure. These include various organic co’lipoundr,mincralsand trace
elements that are released into the air and water when co~l is mined, proccsscd,
and utilized. The use of coal urcparation to produce cleaner burnin~ fuels iri-
volves an environment~l ccimpromise,wherein reduced clnissions and solid wast(:s
from coal burning sources are achieved at the expense of greater environmental
degradation from coal cleaning wastes.
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WHAT Is COAL?
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